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Abstract. In this article, we discuss existing literature on DSS in agriculture, 
on DSS that use data available in the Semantic Web, and on Semantic Web 
initiatives focusing on agriculture information. Our goal is to assess the 
readiness of the Semantic Web as a platform to empower DSS that can keep 
risk and uncertainty in agriculture under control. Key agricultural activities 
targeted by DSS reported in literature are nutrient management, insect and pest 
management, land use and planning, environmental change and forecasting, 
and water and drought management. The most relevant use of Semantic Web 
in DSS, is in data analysis, as a means of making DSS more intelligent. There 
are initiatives to produce vocabularies and semantic repositories in the domain 
of agriculture. However, data and models are still isolated in specific domain 
repositories, and interoperability is still weak  
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1. Introduction 
We make decisions many times a day. The strategy we use depends on the 
importance of the decision. Intuitively, the more important the decision, the harder 
we need to think about it. Complexity, impact, uncertainty and risk are aspects that 
define the importance of the decision.  The impact of a decision can be expressed as a 
function of its consequences (economic, health of people and environment, etc.). 
When factors not under control of the decision maker can negatively impact the 
result of the decision we talk about risk. The higher the probability and/or impact of a 
risk, the more thought needs to be put into making a decision.  
When we do not count with all the information we need, or when the information 
we have is not completely accurate, we make our decisions under uncertainty [1]. 
Although we can decide on a given course of action, sometimes we can still be 
uncertain about its result. Frequently, the results of our actions depend on the 
response of what we act upon, or the actions taken by others. Uncertainty introduces 
risk, and consequently increases the complexity of our decisions. 
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Mathematics and information technologies offer a rich variety of tool to help 
practitioners make decisions. These tools, generally called Decision Support Systems 
(DSS), are available in multiple domains. Our interest centers in agriculture. 
Decisions regarding planning, soil management, crop health, crop varieties, and 
commercialization were once made on the basis of common practices. However, 
globalization and constant climate change have become a source of complexity, 
uncertainty and risk. Moreover, decisions in any of the components of the agriculture 
value chain have far reaching consequences for the economy of the organizations, the 
health of people, and the environment.  
DSS vary in complexity, strategies to support decision makers, and applicability. 
There are tools that support multiple stakeholders making decision that satisfy, as 
good as possible, the stakeholder’s multiple constraints and requirements. There are 
tools that apply mathematical models to select from multiple, competing alternatives. 
There are tools that attempt to mimic how experts make decisions. There are tools 
that help decisions makers find, filter and analyze information.  
Every decision we make requires information. The more relevant and high quality 
information we count on, the better are our chances to make a good decision. DSS 
can obtain information from sources internal or external to the organization. We are 
particularly interested in DSS that exploit information available on the World Wide 
Web. The Web is a constantly growing source of information, created by 
collaborating individuals around the world. However, most of the information 
published on the Web is targeted to humans, making the task of automated extraction 
and processing difficult and sometimes impossible. Luckily, there is a layer on the 
Web that has been specially prepared for machines. It is called the Semantic Web.  
In this article, we review and integrate existing literature on DSS in agriculture, 
DSS that use data available in the Semantic Web, and Semantic Web initiatives 
focusing on agriculture information. Our goal is to assess the readiness of the 
Semantic Web as a platform to empower DSS that can keep risk and uncertainty in 
agriculture under control.   
The remainder of this article is organized as follows. Section 2 introduces key 
concepts of Decision Support Systems and Semantic Web. DSS in Agriculture and 
DSS and the Semantic Web are introduced in Section 3 and Section 4 respectively. 
Section 5 discusses the presence of Agriculture Data in the Semantic Web. Finally, 
conclusions and challenges are described in Section 6.  
 
2. Background 
Decision Support Systems (DSS) have evolved since the 1970s. They are 
generally defined as computer-supported systems that use data and models to help 
system managers to analyze semi structured problems [2]. A DSS is “a computer-
based system that aids the decision-making process” [3], and “an interactive, flexible, 
and adaptable computer based information system, specially developed for 
supporting the solution of a non-structured management problem for improved 
decision making” [2]. DSS are the subject of specialized conferences and workshops 
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such as those organized by the European Working Group on Decision Support 
Systems [4], and the theme of specialized journals such as Decision Support Systems 
and Electronic Commerce [5]. 
In terms of application domains, DSS can be classified as: Personal (PDSS), 
Collaborative or Group (GSS), Negotiation Support Systems (NSS, Intelligent 
Decision Support Systems (IDSS), Knowledge Management Support Systems 
(KMSS), Business intelligence (BI), Data Warehousing (DW), or Enterprise 
Reporting and Analysis System (EIS). From the perspective of the types of core 
artifacts used to support decision making, they can be arranged as: Model-Driven 
DSS, Communication Driven DSS, Data Driven DSS, Document Driven DSS, and 
Knowledge Driven DSS. 
The Semantic Web is a portion of the Web where the information is described in a 
machine-understandable format.  The term Semantic Web was introduced by 
Berners-Lee as an evolution of the Web 2.0 [6] as a set of technologies that provides 
a better knowledge representation with the use of ontologies, software agents, and 
logic rules. Information in the Semantic Web is mainly described as RDF resources 
and OWL is the language to describe ontologies. RDF allows users to describe 
meaning and OWL increase them with inference rules and a specific domain. 
Additionally, SPARQL is a query language for RDF, which applications can access 
to RDF stores similar to SQL in a traditional database [7]. The Semantic Web is 
defined as a layered architecture. Each layer is built in a particular technology.   
3. DSS in Agriculture 
Mir and colleagues [8] provide a comprehensive overview of the role of DSS in 
agriculture. According to the authors, the key agricultural activities targeted by DSS 
reported in literature are nutrient management, insect and pest management, land use 
and planning, environmental change and forecasting, and water and drought 
management.  
DSS focusing on nutrition aim at optimizing the use of fertilizers (which heavily 
impact cost) given various environmental and crop conditions. Some reported 
systems consider in addition the reuse farm by-products such as manure. Most 
commonly found DSS in this area are mathematical models of crop growth such as 
CERES [9], and expert systems such as Farm-N [10]. There is an ongoing trend 
towards making nutrition DSS available over the Web.  
A similar review and classification was conducted by Manos and colleagues [11] 
for publications in the period 1987-2001. The majority of the articles (59,2%) 
reported on advisory DSS that offered advice on strategic and tactical planning. In a 
smaller but still significant proportion, were articles reporting on control DSS 
(18.4%), and forecasting DSS (14.3%). 
As early as 1993, [12] reported on the existence of 67 different expert systems 
dealing with plant protection. A key factor when dealing with insect and pest 
protection is to minimize the impact that chemicals have on the environment, while 
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still being able to keep crops healthy. Disease expansion modelling and forecasting 
are commonly used decision support strategies in this area.  
Land use and planning require dealing with complex trade-offs among the 
objectives of the various involved stakeholders (land-owners, farmers, governments, 
biodiversity protection organizations). Multi-objective models (especially goal 
programming) are frequently used mechanisms to implement DSS. In addition, 
planning support systems normally involve some form of geographic information 
systems functionality.  
4. DSS and the Semantic Web 
The most relevant use of Semantic Web in DSS context is the “use ontologies and 
rules as a means of making DSS more intelligent” in data analysis [13]. Much of the 
works could be viewed as continuation of the Expert Systems family of DSS, 
because they are using the SW standards such as RDF or OWL as an evolution of the 
use of raw data into knowledge representation [14,15,16,17,18]. The use of 
ontologies provides both a complete specialized domain knowledge model and a set 
of inference rules and querying to be applied in that model.  
Semantic Web data can be used in different ways to power DSS; some 
approaches take advantages using RDF and OWL as formats to allow integration and 
systems communication [19,20,21]. Another improvement of the use of Semantic 
Web in DSS is the Ontology development, which is utilized on top of data to provide 
domain description and to integrate querying and reasoning [19,20]. The reuse of 
ontologies or vocabularies is promoted by the Linked Open Data movement.  
The main challenges in the use of Semantic Web in DSS are related to make 
easier and flexible the integration methods of data and systems. Another challenge is 
how to capture knowledge naturally generated in informal contexts, and then make a 
matching with ontologies that describe it. The challenge here is to make this usable 
by a machine. In this direction, the study of the co-evolution between the social and 
the semantic web remarks some achievements in this direction [22].  
Mendoza and colleagues [23] studied collaborative decision making using the 
Semantic Web as a platform. They identified challenges in three areas: the selection 
of vocabularies, the selection of data sources, and the retrieval and fusion of data. 
These challenges, if not tackled translate to an additional effort in the integration 
process, the need to discard data, and potential inconsistencies and lack of data-
quality in the final product.  
5. Agricultural Data in the Semantic Web  
Sanders and colleagues propose a model to study the next generation of 
agricultural systems data, models and knowledge [24]. The model is a pyramid with 
data at the bottom, information on top of it, then knowledge and finally wisdom. 
According to this model, Linked Data conforms the base of the pyramid, the 
semantic web is at the information level, semantic technologies conform the 
The Semantic Web as a Platform Against Risk and Uncertainty in Agriculture 5 
knowledge level, and at the top we find Decision Support Systems. Applications 
constitute a “knowledge chain” that transform data into information, then into 
knowledge and finally into wisdom.  
At the data layer we find raw data descriptions, for example, the controlled 
vocabulary AGROVOC by the Food and Agriculture Organization (FAO) [25]. 
Government and research have been the traditional sources of raw data (e.g., 
weather, statistics). The ubiquity of sensors and the new role of users as content 
producers introduce new actors in model definitions [24] and data collection. 
Examples of this change are the use of citizen science activities to collect data [26] or 
to validate data directly in the field [27,28].  
When data is aggregated with formal descriptors we look at the information layer. 
There, we find semantic repositories. The FAO-VEST/AgroPortal map [29] that 
includes 299 RDF ontologies related to agriculture, crop and it lifecycle [30] 
ontologies belongs to the information layer. At this level we also find agriculture 
ontologies such as those described in [31,32]. When elements in the information 
layer are linked among them, the knowledge layer is generated [33].  
The transformation from data to knowledge requires the definition of models, for 
example, nutrition or climatological models which combine knowledge 
representations, a software infrastructure, and hardware infrastructure. There are 
groups dedicated to model this processes such as the AGMIP project [34,35] related 
to agricultural simulation and climate impacts, or the Geoshare1 group, which 
includes a broad range of agricultural data and analysis tools, among others.  
DSS, Recommender Systems, Expert Systems and Advisory Systems are based on 
the relationships among different actors in the agriculture lifecycle, such as farmers 
and agricultural domain experts. These kinds of systems work at the knowledge and 
wisdom layers of the information chain. For their implementation, challenges still 
remain. Data and models are still isolated in silos, in specific domain repositories and 
the interoperability is still weak [24]; nevertheless, the use of ontologies could 
improve this by making possible the standardization of vocabulary, and data formats.  
6. Conclusions: opportunities and challenges 
The Semantic Web is a collaboratively constructed data repository. It depends on 
a sound theoretical model (ontologies and logic) and mature technology (the WWW).  
It shows characteristics of the collective intelligence [36] initiatives that made 
projects such as Wikipedia the center of today’s information seeking.  
As discussed in section 5, the number of vocabularies and ontologies available for 
the domain of agriculture is growing. However, initiatives that use Semantic Web 
data to support decision making in agriculture are rare.  
                                                          
1 https://mygeohub.org/groups/geoshare last accessed on May 2017 
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The Semantic Web, via initiatives like Linked Open Data, attempts to coordinate 
independent and previously disconnected efforts to standardize data representation 
formats, and vocabularies. Interoperability between applications depends on using 
compatible formats and unique identifiers to refer to the same entity. For example, to 
publish data that refers to the “Potato Beatle” (or Leptinotarsa decemlineata) its URI 
(http://aims.fao.org/aos/agrovoc/c_30034) should be used instead of any language 
specific string that would require human interpretation. Application developers need 
to learn these vocabularies and entity identifiers in order to create real Semantic Web 
aware systems.  
The Semantic Web is an ecosystem that only flourishes when those that constitute 
it play according to its rules. Data generators (e.g., governmental agencies, research 
laboratories, technology providers) should participate in vocabulary standardization 
initiatives and publish data according to agreed vocabularies, aiming at the five stars 
of Linked Data2. Application developer need to learn and user existing vocabularies, 
consequently avoiding effort duplication. Whenever possible, application developers 
should contribute to making the Linked Data Cloud richer and up to date. Web site 
creators, even though their main primary audience consists of humans, should 
consider using approaches such as Microdata and RDFa, to make the data in their 
web-sites available to software agents.  
Decision making requires timely, relevant, high-quality information. For certain 
topics such as classification of crop varieties and insect species there are mature, 
trustable sources (e. g., Universities). However, data related to more dynamic 
phenomena such as climate, and to recent development such as innovative products 
and methods, require that multiple perspectives are represented and made available. 
Paradigmatic cases can often be found around topics where competing and often 
contradicting opinions are seen. In such scenarios, it is important to develop trustable 
participative decision making systems that account for evidence and offer 
provenance traceability.   
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